Background: The significant value of tests used to certify the diagnosis of occupational asthma due to persulphate salts remains uncertain. Aims: To validate the specific inhalation challenge (SIC) test for the diagnosis of occupational asthma. Methods: Eight patients with occupational asthma due to persulphate salts, eight patients with bronchial asthma who were never exposed to persulphate salts, and ten healthy subjects were studied. Clinical history taking, spirometry, bronchial challenge with methacholine, skin prick testing to common inhalant allergens and persulphate salts, total IgE levels, and SIC to potassium persulphate were carried out in all subjects. The SIC used increasing concentrations of potassium persulphate (5, 10, 15, and 30 g) mixed with 150 g of lactose. Patients tipped the mixture from one tray to another at a distance of 30 cm from the face for 10 minutes in a challenge booth. Results: The SIC was positive in all subjects with persulphate induced asthma and in one patient with bronchial asthma who had never been exposed to persulphate salts. Sensitivity was 100% (95% CI 67.6 to 100) and specificity was 87.5% (95% CI 52.9-97.8) when patients with occupational asthma due to persulphate salts were compared with those with bronchial asthma never exposed to persulphate salts. Conclusions: SIC to persulphate salts performed according to the protocol described appears to be useful for the diagnosis of occupational asthma secondary to inhalation of this substance.
P ersulphate salts, which are widely used constituents of hair bleaches, have been shown to cause occupational asthma (OA) in hairdressers and chemical workers. 1 2 The first cases of OA due to persulphate salts were described 30 years ago, [3] [4] [5] and persulphate induced asthma may now represent up to 4% of all OA cases. 6 Nevertheless, the mechanism by which persulphate salts induce asthma, the risk factors for developing this condition, and the value of tests for diagnosing asthma due to this substance remain uncertain.
The largest series of patients with OA due to persulphate salts published recently focuses on the importance of specific inhalation challenge (SIC) to establish the diagnosis. 1 The clinical history often does not suffice to reach a definite diagnosis of OA, 7 immunological tests have low sensitivity and specificity for diagnosing OA due to persulphate salts, 1 8 and doubts exist as to the usefulness of peak expiratory flow study in these patients. 1 2 Moreover, the population most often exposed to persulphate salts are hairdressers, who may also be in contact with other agents that can cause OA, such as henna 9 and paraphenylenediamine. 10 Hence, the SIC seems indicated to determine the exact cause of OA in these patients.
There are few studies in which SIC has been performed to diagnose OA due to persulphate salts, and they have used several different methods. Some authors carried out the test by attempting to reproduce the conditions in the workplace, 3 4 others by aerosolising potassium persulphate extract, 11 12 and others by tipping a mixture of bleach powder 2 13 or potassium persulphate 1 and lactose from one tray to another. Furthermore, since persulphate salts possess considerable oxidant properties, 14 exposure to sufficient levels might trigger asthma through an irritative mechanism. It is important to rule out this factor to avoid false positives during SIC and an erroneous diagnosis.
The aims of the present study were to describe a method for performing SIC in patients with suspected OA due to persulphate salts, and to study the sensitivity and specificity indices obtained by comparing SIC results in these patients with those in patients with bronchial asthma who had never been exposed to persulphate salts.
METHODS

Study population
The study population included eight women (mean age 37 years; range 23-52 years) with occupational asthma due to persulphate salts (group A), diagnosed at our occupational respiratory disease unit between 1997 and 2002. The diagnosis had been made following the criteria proposed by Chan-Yeung and Malo 15 for occupational asthma, based on clinical history (including exhaustive occupational history), lung function testing (including spirometry, bronchodilator test, non-specific challenge test, and peak flow study) and immunological testing. Three patients were employed in a cosmetics factory where they mixed persulphate salts with other chemical agents to produce hair bleaches, and five patients worked with dyes in hairdressing salons. In the latter cases, the hair bleaches containing persulphate salts were supplied to the salon in powder form and the workers mixed them with hydrogen peroxide to form a paste that was then applied to the hair. Seven patients in this series have been described in a previous study.
1 Three other patients diagnosed with OA due to persulphate during the same period were not included in the study, since the SIC could not be performed: two had bronchial obstruction with FEV 1 ,60% of the theoretical values, and one had a severe anaphylactic reaction when the prick test was performed.
Eight women (mean age 33 years; range 24-45 years) with bronchial asthma who had never been exposed to persulphate salts, proceeding from our Pneumology Department outpatient asthma clinic, served as a control group (group B). Ten healthy female volunteers (mean age 34 years; range 23-49 years) were also studied (group C).
Clinical history, chest x ray, lung function testing, immunological testing, and specific inhalation challenge (SIC) were performed in all subjects. In group A, a peak flow study was carried out whenever possible. The project was approved by the Ethics Committee for Clinical Research of the hospital, and all the participating subjects provided their written informed consent.
Lung function testing
Spirometry was performed using a Datospir 200 (Sibel, Barcelona, Spain) according to European Respiratory Society (ERS) guidelines. 16 The reference values used were those proposed by Roca and colleagues 17 for the Mediterranean population. Bronchial challenge with methacholine was undertaken using the method described by Chai and colleague. 18 Briefly, using a Mefar MB3 dosimeter (Ele H2O, Medically, Brescia, Italy), increasing doses of methacholine (range, 0.03 to 16 mg/ml) were inhaled at three minute intervals until FEV 1 had fallen by 20% of each baseline value or the subject had inhaled the maximum concentration of methacholine. The provocative concentration of methacholine causing a 20% fall in FEV 1 (PC20) was expressed in mg/ml. The methacholine challenge test was considered negative when the PC20 was .8 mg/ml, in keeping with ERS guidelines. 19 For the peak flow study, subjects were provided with mini Wright portable peak flow recorders (Clement Clarke International, United Kingdom) and diary cards, and were instructed in their use following the indications of Moscato and colleagues. 20 Subjects were requested to record peak expiratory flow rates (PEF) at least four times a day for two weeks at work and two weeks off work. The recording was considered positive when the qualitative assessment revealed evident changes between the exposure periods.
Immunological testing
Skin prick tests to detect common inhalant allergens were performed according to the method described by Pepys. 21 A skin prick test with potassium and ammonium persulphate (Sigma-Aldrich Corporation, St Louis, MO) was also performed in all subjects. This test was carried out using freshly produced 5% (weight/volume) ammonium and potassium persulphate solutions. A phosphate buffered saline (PBS) solution was used as a solvent owing to the acidity of aqueous solutions. Histamine served as a positive control, and PBS solution served as a negative control. The results of the test were read at 15 minutes, and considered positive when the largest and smallest diameter of the wheal divided by 2 was .3 mm and greater than that obtained with the negative control (PBS solution). 22 The positive control (histamine) was .3 mm in all patients. The total IgE level was also measured (UniCAP System; Pharmacia AB, Uppsala, Sweden) and a value of .150 IU/ml was considered to be increased.
Specific inhalation challenge
Specific inhalation challenge with potassium persulphate was performed by the method proposed by Pepys and Hutchcroft 23 for chemical agents and following the ERS guidelines. 19 Subjects were admitted to the hospital for the duration of the test. In patients with OA due to persulphate salts, the challenge was carried out as previously described. 1 Briefly, on the first day, 5 g potassium persulphate was mixed with 150 g lactose and the patient tipped the mixture from one tray to another at a distance of 30 cm from the face in a 7 m 3 challenge booth. The airtight booth had an independent air extraction system that could be regulated from the exterior, a methacrylate window to see inside, and an antechamber to avoid exposure of the staff to the agent tested. If the test proved negative, 10, 15, and 30 g of potassium persulphate mixed with 150 g lactose were then similarly tested on successive days. In subjects with asthma due to agents other than persulphate salts, the initial challenge consisted of 15 g of potassium persulphate with 150 g lactose, and in healthy subjects the test was performed with 30 g potassium persulphate and 150 g lactose. All subjects were challenged for 10 minutes unless respiratory symptoms developed before that time, in which case the challenge was stopped. Changes in pulmonary function were determined in all patients by measuring FEV 1 and FVC at 10 minute intervals for the first hour and at hourly intervals thereafter. A response was considered positive when FEV 1 fell by .20% of the baseline value in the absence of any change in response to a control challenge of lactose powder alone, conducted on a separate day.
During the SIC we monitored the amount of powder the patient was exposed to by means of an automatic air sampler placed near the patient's face. The mean amount of powder collected was 35 mg/m 3 and the proportion of persulphate in the mixtures ranged from 3% to 17%. Thus, the estimated concentration of this substance in the air was between 1 and 6 mg/m 3 , according to the mixture used. Additionally, we studied the size of the particles generated using an aerodynamic particle sizer (APS 3320, TSI Particle Instruments, Inc., St Paul, MN) that took air samples during the test. The mean particle size obtained during the experiments was 17% ,0.5 mm, 63% between 1 and 5 mm, and 20% .10 mm.
Temperature and atmospheric pressure in the challenge booth during testing ranged from 19˚C to 24˚C and 746 mm Hg to 755 mm Hg, respectively. Patients wore protective clothing and polyvinyl gloves during the test to avoid skin contact with the product. In keeping with ERS guidelines, anti-asthma treatment was suspended in all patients prior to performing both the SIC and methacholine tests. 19 
Statistical analysis
The consistency of SIC to persulphate salts was estimated by evaluating sensitivity (SE) and specificity (SP) indices and positive (PPV) and negative (NPV) predictive values, with confidence intervals (CI) of 95%. The Confidence Interval Analysis program was used to determine the CI, estimating the exact confidence limits of the proportion by applying the binomial formula. 24 The Wilson method 25 was used to calculate the SE and SP indices. The Student's t test was used to compare means. Table 1 shows clinical characteristics of the study population. In group A, three patients were smokers, five presented with rhinitis prior to developing asthma that was related to contact with persulphate salts, and four presented with dermatitis. Mean time of contact with persulphate salts prior to diagnosis was 11 years (range 3-25 years), and mean time elapsed between symptoms onset and diagnosis was 40 months (range 3-120 months).
RESULTS
Clinical characteristics
In group B, none were smokers, three had rhinitis, and two dermatitis. All patients had mild intermittent asthma according to the GINA guidelines 26 and were using b 2 adrenergic agonists on demand as the sole treatment. Mean evolution time of the asthma was 10 years (range 1-20 years). In group C, two were smokers and none had rhinitis or dermatitis. Table 1 shows the results of spirometry and methacholine testing. All subjects had normal spirometry findings at the time of the study. Methacholine tests were positive in six patients from group A and seven from group B. All healthy women in group C had negative methacholine results. Mean (SD) PC20 was 1.50 (2.54) mg/ml in Group A and 2.50 (2.97) mg/ml in group B. No significant differences were found between groups (p = 0.526). Peak expiratory flow testing was performed in five patients from group A and was consistent with occupational asthma in four cases. This test could not be performed in three patients since they were no longer working in their professions at the time of the study.
Lung function testing
Immunological tests
Skin prick tests to persulphate salts were positive in four patients from group A and negative in all subjects from groups B and C (table 1). Skin prick tests to common aeroallergens were positive in three patients from group A, all patients from group B, and three healthy women from group C (table 1). Total IgE values proved to be high in six patients from group A and four from Group B (table 1) .
Specific inhalation challenge
Specific inhalation challenge was positive in all patients from group A, eliciting an early response in one patient, a late response in six patients, and a dual response in one patient (fig 1) . The test proved positive at a dose of 5 g of potassium persulphate in one patient, 10 g in three patients, 15 g in one patient, and 30 g in the remaining three.
The test was also positive in one patient from group B, eliciting a late response (fig 2) at a dose of 30 g of potassium persulphate. Specific inhalation challenge was negative in all the healthy women from group C. Table 2 shows the indices of sensitivity and specificity, positive and negative predictive values, and 95% confidence intervals resulting from comparisons between groups A and B.
DISCUSSION
This study describes a useful method for performing SIC to diagnose occupational asthma secondary to inhalation of persulphate salts. The method permits the establishment of dose-response relations and presents acceptable sensitivity and specificity.
Specific inhalation challenge is considered the ''gold standard'' test for the diagnosis of occupational asthma and identification of the possible causal agents of the disease. 27 Unlike non-specific bronchial challenge tests, for which validated and standardised methods exist, 18 28 the methodology for performing SIC is not yet well established. Exposure to the suspected agent can be carried out by various methods, depending on the nature of the substance and according to the facilities in each lung function laboratory. 29 Despite its being the reference test, false negatives can occur when SIC is conducted with an erroneous agent, when exposure to the agent is insufficient, or when the worker has avoided exposure for a prolonged period of time. 27 In addition, false positives can arise when the asthma is unstable or when exposure to the agent is made at an irritant dose. 27 These observations underline the importance of standardising the SIC method for each of the substances or products causing OA, including control subjects to enable determination of the sensitivity and specificity of the method. To our knowledge, these indices have been assessed only for SIC with isocyanates. 30 31 In the specific case of OA due to persulphate salts, different methods have been used for performing SIC. Some authors have devised tests that simulate the exposure occurring at the workplace, in which the patient mixes bleach powder with hydrogen peroxide to a paste in a mortar. 4 5 In the method used by Blainey et al, 30 g of bleach powder was mixed with 50 g of lactose, and the subjects tipped the mixture from one tray to another 30 cm away from the face for 10 minutes in a challenge chamber with an independent air extraction system. 2 Parra et al exposed the patient for two minutes to an aerosolised extract of non-dialysed ammonium persulphate at a final concentration of 1/50 w/v, 11 and Macchioni et al had the patient breathe through an oronasal mask connected to a small Plexiglas cabin containing a suspension of bleach powder mixed with lactose. 13 Whatever the method used, to ensure the diagnosis of asthma due to persulphate salts, the possibility of false positive results should be minimised, bearing in mind that persulphate salts can cause symptoms through an irritative mechanism. 5 The tests were performed in control subjects to investigate this possibility in only two of the above mentioned studies, 2 11 although no data of sensitivity and specificity were presented, probably because of the small number of individuals included.
The method for performing SIC in the present study is similar to that proposed by Blainey and colleagues 2 with some modifications, including the use of potassium persulphate instead of bleach powder and the gradual increase in Figure 1 Bronchial response to SIC with potassium persulphate in patients with OA due to persulphate salts.
the exposure dose. Since other substances present in bleach powder, such as ammonium chloride, sodium silicate, sodium metasilicate, EDTA, or silica could elicit a positive response to the test through non-specific irritative mechanisms, 32 the use of potassium persulphate permits the establishment of a specific diagnosis for this substance. By performing the test with increasing doses of potassium persulphate, severe adverse reactions such as bronchospasm are minimised, and highly useful dose-response relations can be established.
To our knowledge, previous works investigating the SIC with persulphate salts did not include air measurements of the substance during the challenge. In the present study, persulphate air levels generated during the SIC ranged between 1 and 6 mg/m 3 , according to the concentration in the mixture used. These concentrations exceed the threshold limit value (TLV) (0.1 mg/m 3 ). Nevertheless, the single study that measured air levels of persulphates at the workplace showed that concentrations below 1 mg/m 3 were not associated with occupational asthma. 33 Taking this into account, it is reasonable to assume that the test would have very low sensitivity if it were performed with concentrations below the TLV. In fact, the test was positive in only one of our patients at a concentration of 5 g persulphate/150 g of lactose, the equivalent of an air level of approximately 1 mg/m 3 of persulphate. The indices of sensitivity and specificity of the method, obtained by comparing the series of eight persulphate salt induced asthma patients with a control group of bronchial asthma patients never exposed to persulphate salts and having a similar degree of bronchial hyperresponse (table 1), showed that the method is adequate for diagnosing the disease.
In the present study, all the patients with asthma due to persulphate salts presented a positive challenge test: an early response was observed in one case, a dual response in another, and a late response in six. Only one patient with bronchial asthma who had never been exposed to persulphate salts tested positive, with a fall in FEV 1 first manifested at eight hours post-inhalation. The fact that this patient showed a late response raises the possibility that the positive result may have been due to personal factors related to the patient, such as poor asthma control secondary to temporary withdrawal of medication during the study. If the positive result had been due to an irritative mechanism resulting from the dose inhaled, an early, not late, response, more typical of agents causing asthma through an immunological mechanism, would have been expected. 27 The availability of a validated method for performing SIC in these patients is particularly important since recent studies point to this entity as one of the most frequent causes of occupational asthma. 6 34 35 Furthermore, the other available tests for reaching a diagnosis are not conclusive. 1 2 7 8 In fact, in this series, specific skin tests showed a sensitivity of only 50%. Moreover, a positive immunological test shows sensitisation to the agent, but does not necessarily imply development of the disease. 36 Nevertheless, SIC is considered absolutely contraindicated when the patient has severe obstruction, a history of myocardial infarction or recent cerebrovascular accident (,3 months), arterial aneurysm, or inability to understand the test. 27 Contraindications were present in three of our patients diagnosed with persulphate induced asthma in whom the test could not be performed and who could not be included in the study.
In conclusion, specific tests such as SIC are required for the diagnosis of occupational asthma due to persulphate salts. Specific inhalation challenge permits identification of the causal agent and precise aetiological diagnosis. The procedure described in this study allows patients with bronchial asthma to be distinguished from those with persulphate salt induced OA. Validation of SIC by the procedure followed contributes greatly to clinical practice since it is a safe method providing early diagnosis of the disease, thereby reducing exposure time to the causal agent and improving the prognosis of the patient. Results expressed as % (95% CI). PPV, positive predictive value; NPV, negative predictive value.
